Shattered provenance in the digitization of early color films by Flückiger, Barbara et al.








Shattered provenance in the digitization of early color films
Flückiger, Barbara ; Daugaard, Noemi ; Stutz, Olivia Kristina





Flückiger, Barbara; Daugaard, Noemi; Stutz, Olivia Kristina (2021). Shattered provenance in the digiti-
zation of early color films. In: Bernardi, Joanne; Cherchi Usai, Paolo; Williams, Tami; Yumibe, Joshua.
Provenance and early cinema. Bloomington, Indiana: Indiana University Press, 80-90.
6
SHATTERED PROVENANCE IN THE 
DIGITIZATION OF EARLY COLOR FILMS
Barbara Flueckiger, Noemi Daugaard, and Olivia Kristina Stutz
The advent of digital technology has made it easier to provideaccess to early films, but there is little awareness of how deeply digi-
tization severs the ties to the material basis of historical films and to early 
films in particular.1 A majority of the DVDs, Blu-rays, and DCPs cur-
rently circulating in cinemas lack information about their source material 
and digitization process. Our investigations2 have confirmed that current 
digitization practices are detrimental to three fundamental principles 
of restoration ethics—transparency, documentation, and reversibility—
thereby shattering the provenance of digitized film.3 Transparency refers 
to intersubjectively defined guidelines that rest on well-grounded knowl-
edge; documentation includes information about the origin of the material 
objects used for the restoration process and each step in the workflow in a 
human-readable form; reversibility requires that all the steps are nonde-
structive, thereby allowing future restorers to apply new insights and better 
techniques.
To counteract the failings of current digitization practices, the team 
from the research project European Research Council (ERC) Advanced 
Grant FilmColors is devising a comprehensive, interdisciplinary ap-
proach to the investigation of film colors that includes chemicophysical 
investigations, advanced documentation of historical film prints, and 
aesthetic analyses of large groups of films. This approach is being ex-
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within the research project Swiss National Science Foundation (SNSF) 
Film Colors.4
These methods aim to safeguard the integrity of the artwork and thus 
its provenance, a critical requirement of restoration ethics.5 Integrity of the 
artwork includes the systemic relationship between the material manifes-
tation and the philological and aesthetic expression of a film, respective-
ly. Only when the material foundations, the aesthetic appearance, and all 
analog metadata are translated into the digital domain can we secure the 
provenance of the digitized version of a film in a transparent, scientifically 
sound, and thus sustainable way.6
Implications of Scanning Early Applied Colors
As we have noted on several occasions, scanning is a reduction process; 
in Nelson Goodman’s terms, it is a translation into an explicit notation 
system.7 In the discipline of film studies and in archival practice, the pro-
cesses and implications of film digitization have been rigorously addressed 
by Paolo Cherchi Usai in his landmark study The Death of Cinema and 
by Giovanna Fossati in her book From Grain to Pixel.8 Nevertheless, little 
to no attention has been given to the mechanical and optical layout of 
scanners. Some segments of the professional community have long known 
that scanning is essentially a black box operation, so it is surprising that 
customers (film archives, film restorers) did not long ago pressure man-
ufacturers to develop film scanners that are better suited to the ethical 
requirements of restoration.9 In our extensive study Investigation of Film 
Material-Scanner Interaction, we were looking deeper into these neglected 
aspects by systematically analyzing key factors of the operation princi-
ples of scanners.10 This chapter addresses only two of these key factors: 
the problems involved in capturing early applied colors, and the optics of 
illumination.
It is widely acknowledged that scanners were not devised for historical 
color film stocks but rather for more recent chromogenic stocks. As a result, 
their illumination and sensor setup are generally reduced to three narrow 
spectral bands that do not match the spectral distribution of early film col-
ors: the dyes and pigments applied in tinting, toning, and hand and stencil 
coloring. The fact that such a scanner configuration is essentially not a cap-
turing but a measuring device has been largely overlooked. Consequently, 
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assignment by digitization—add to each other, resulting in severe and un-
expected complex distortions to the point where some scanners essentially 
become color-blind. Once access to the film’s color information is cut off, 
it cannot be retrieved. Moreover, most scanners are not able to capture the 
full width of the film print, and this cuts off access to important analog 
metadata in the perforation area.11
The second topic that becomes increasingly pressing when we recon-
sider film digitization is the color appearance in cinema projection, which 
is highly influenced by the optical arrangement in the projector, the type 
of illumination (carbon arc, halogen, or xenon), and the properties of the 
projection screen. Film archivists and restorers have long been aware of the 
difference between looking at tinted or toned film print on the inspection 
bench and seeing it projected onscreen, but this difference has never been 
scientifically investigated. A crucial factor in the different appearance of 
color in these two contexts, the Callier effect, results from the difference be-
tween diffuse and directed—so-called collimated—illumination.12 While 
diffuse illumination scatters between the metallic particles in the film 
stock, producing lower contrasts, directed illumination causes these metal-
lic particles to completely block out the light rays, which creates sharper im-
ages with higher local contrasts. In his physical investigations for the ERC 
Advanced Grant FilmColors project, research scientist Giorgio Trumpy 
provided evidence of the color shift caused by the wavelength dependency 
of the Callier effect.13 All the professional film scanners that are currently 
on the market, however, rely on diffuse illumination to prevent hot spots 
and lower the effect of dust and scratches.
The objective of our new ERC VeCoScan research project is to advance 
methods of multispectral imaging. Such methods will facilitate capturing 
the full spectral range of historical color films and the deeper investiga-
tion of the chromatic Callier effect with a wider variety of film stocks and 
scientifically sound, side-by-side projections on historical projectors in the 
Lichtspiel/Kinemathek in Berne, as executed in 2019.14
Film as an Aesthetic Object
Inspired by Giovanna Fossati’s distinction between film as a philological 
concept—the film as text—and the film as a material object plus the per-
formative dimension of a screening in a specific dispositive, we will argue 
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The fourth level to be discussed here is film as an aesthetic object. By film 
as an aesthetic object, we are referring to the layer between film as a mate-
rial object and its exhibition or viewing circumstances. This aesthetic inter-
layer is based on the intrinsic aesthetic expression that governs a work of 
art and may be limited, altered, or at least influenced by the technological 
and material constraints of a film at the time of its production. As numer-
ous scholars and film restorers have emphasized, a film’s ephemeral status 
as an aesthetic object is enhanced by the diverse constellation of different 
film stocks and filmic objects, such as film prints, negatives, and various 
versions—for example, diverse tinted and toned prints or prints featuring 
combinations of film color processes.15 In addition, we have to understand 
the temporal influence on a film print’s chemical and physical conditions, 
such as processes of degradation and fading.
With the concept of film as an aesthetic object we address Cesare Bran-
di’s notion of the double historicity of a work of art—the work of art as a 
witness of the context of its creation and the work of art with traces of its 
own history.16
We use the term faktura to refer to a film stock’s three-dimensional 
materiality. The Russian formalists used this term in the 1910s and 1920s 
to describe the texture, surface, and/or materiality of artworks; in this 
context, the term denotes the layering of the film base, the emulsion, 
and the dyes and/or color compounds. The concept of material aesthet-
ics takes into account the close relationship between a film’s faktura and 
its interaction with light, which defines the color rendition in projection. 
For instance, the chromatic Callier effect is exclusively attributed to the 
fact that light is scattered or blocked by the particles embedded in the 
film’s emulsion, hence film’s material foundation is characterized by its 
three-dimensionality.
The concepts of affordance and agency as introduced in the material 
theory by art historian Ann-Sophie Lehmann (based on the reflections by 
psychologist James J. Gibson and sociologist Bruno Latour) also provide a 
useful structure for the discussion of material aesthetics.17 Lehmann uses 
affordance to describe different material properties that provide certain 
aesthetic possibilities or limitations and agency to describe the resulting 
aesthetic initiatives executed by human actors.18 Thus, a film’s aesthetics is 
highly influenced not only by its materiality and its exposure to light but 
also by contemporary profilmic decisions in production design that in turn 
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Film Aesthetics in Relation to Materiality, Affordance, and Agency
Mimetic two-color films from the 1920s provide a symptomatic instance 
for the affordance of color film technology and its agency. These films re-
produce only a limited part of the color spectrum from orange-red to blue-
green and are thus intrinsically related to their color process and their set 
design. Two examples are the famous case of The Black Pirate (Albert Park-
er, USA, 1926), with its carefully controlled, desaturated color palette of the 
Caribbean sea in Technicolor No. II, and the Kodachrome Two-Color film 
Parisian Modes in Colour (Anonymous, USA, 1926), with its haptic display 
of high-fashion garments in mainly two colors.19 In both films, the limited 
colors are a testament to contemporary color film technologies. There is no 
reason for a production design consisting of the pure colors blue or purple 
(agency) because the mimetic two-color technology can’t afford to depict 
those colors accurately in the first place.
This evaluation of affordance and agency in relation to material foun-
dations in early film color processes is crucial for the investigation of the 
material aesthetics of early film and to notions of film provenance. At the 
same time, when talking about shattered provenance in the digitization of 
early films, different colors or entire color processes can also cause certain 
problems precisely because of their very materiality. For such material-
based obstacles, the method of material iconography established in art 
history provides a useful framework. This approach centers on the materi-
ality of artworks to illustrate how they gain meaning from their constitutive 
materials while also acknowledging their sociocultural historicity.20 For 
example, the opaque, oil painting–like “look” of Technicolor No. III is most 
apparent in its blacks, created by the dye-transfer process in proportion to 
the colored gelatin matrix.21 The more gelatin there is on the matrix, the 
denser the dye becomes on the faktura, creating a relief effect on the film’s 
surface. The color black, containing all the given colors in a subtractive color 
synthesis on the blank film, is per se the densest element of every dye-based 
faktura. It also creates the elevated portions of the relief and embodies the 
most opaque (black) objects depicted within the film at the same time. Ko-
dachrome Two-Color is a tanning process similar to Technicolor No. II that 
is often used for black backgrounds, as in Parisian Modes in Colour. In this 
film it was used not only to make the fabrics pop out but also, according to 
James Layton, to hide (early) defaults of its technology, like color fringing.22 
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Dye-based blacks from two-color films in relation to silver-based blacks 
from autonomous applied color processes differ significantly in terms of 
color density, metallic scattering, and texture. These effects on a film’s vi-
sual appearance need to be carefully considered when scanning. In addi-
tion, digitization of two-color films might also produce difficulties in color 
grading because of the limited gamut of digital color, while dye fading (for 
instance the green dye in Technicolor No. II) completely obscures a film’s 
historical aesthetics.
Using scientific material analysis as an extension of material iconogra-
phy for evaluating material properties and material aesthetics, it is possible 
to achieve a more authentic rendition of color systems.23 This method se-
cures film provenance and the integrity of the film work. This also opens up 
the question of whether it is possible to retrace film provenance by analyz-
ing large groups of films through digital humanities tools, such as the an-
notation and analysis tool VIAN used in the ERC FilmColors framework.24
Epistemology, Integrity, Digitization
As we argue above, digitization can compromise a film’s integrity on sev-
eral levels. In addition to material aesthetics, there is a more fundamental 
consideration: the epistemology that governs a technology. Indeed, the ap-
pearance of a film is the result of technological specificities that, in turn, are 
the product of multilayered influences such as the historical moment and 
societal context in which they originate. The relationship between techno-
logical innovations and society is at the heart of the social construction of 
technology theory introduced by Wiebe Bijker and Trevor Pinch. In their 
seminal 1987 work “The Social Construction of Facts and Artifacts,” Bijker 
and Pinch focus on relevant social groups that, because of their specific 
needs and problems, define what a technological innovation must provide 
in order to be successfully implemented.25 Furthermore, color film tech-
nologies respond not only to needs; they also originate from traditions of 
thought that are strongly connected to scientific discourse.26
These foundations shape every color process and, as a result, are in-
herent to a film’s appearance. Therefore, digitizing a color film without re-
specting these cultural and epistemological factors severs it from a part of 
its significance and endangers its integrity. In order to avoid such an inter-
vention, it is vital for every digitization to consider its object from various 
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Grant FilmColors and the SNSF Film Colors projects, allows for a profound 
understanding of color film, facilitating an ethical approach to digitization 
that benefits the integrity and provenance of color film.
Color film technology emerged when color was becoming a commod-
ity. Regina Lee Blaszczyk details how the consumer culture of the late 
nineteenth and early twentieth century was accompanied by the advent of 
colorful goods, facilitated by the availability of synthetic dyes.27 This strong 
presence of color advanced the efforts to classify and systemize color that 
had started in the seventeenth century. The color systems of Albert Hen-
ry Munsell and Wilhelm Ostwald are only two of several examples that 
emerged during this period.28 In addition, the color revolution led to a new 
scientific interest in human color perception. As Joshua Yumibe states, “The 
physiological study of color afterimages led to the theorization of persis-
tence of vision: the notion that an afterimage persists on the eye for a frac-
tion of a second after perceptual stimulation and that this allows for the 
perception of movement.”29 Yumibe further delineates that, although the 
theory of persistence of vision has since been refuted—the illusion of move-
ment is now thought to be caused by the so-called phi phenomenon—it 
remains an important theoretical framework to consider when thinking 
about the development of early cinematography.
It is no surprise that when film emerged, so did color cinematography. 
On the one hand, color in film responded to the contemporary need for 
colorful commodities. On the other hand, the scientific interest in the rela-
tionship between color, movement, and perception found its continuation 
in color cinematography. Additive two-color processes such as Kinemacol-
or exemplify how nineteenth-century perception theory informed cinema-
tography.30 In fact, Kinemacolor was based on the idea that persistence of 
vision was not only responsible for the perception of movement but could 
also be used to create the illusion of color.31 Kinemacolor was dependent on 
a set of rotary filters that were dyed red-orange and blue-green. The specific 
hues used for these filters have their own epistemology, as they stem from 
a tradition of color theory focusing on primary and complementary colors. 
Hence, the apparatus and the technology are essential to every Kinemacol-
or film. The digitization of Kinemacolor and the digital re-creation of its as-
sumed color appearance overthrow the entire epistemology of the process.
Neglecting the cultural and societal foundations of color cinematog-
raphy compromises the integrity of the filmic object as the product of a 
culturally and historically localized technology. The reproduction of a pro-
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by partially color-blind film scanners, represents a separation of the work 
from its technology. In addition to being arbitrary, such a process is prob-
lematic in terms of cultural and technological heritage and in the way it 
shatters a film’s provenance.
Conclusion
Our paper has shown that we need contextual research and information in 
order to develop digitization processes that respect the basic requirements 
of restoration ethics. To date, the institutional aspects of technical service 
providers and the often-limited personal and financial resources of clients 
fail to bring about changes resulting in digitization that is aligned with in-
depth scholarly and scientific insights. While changing insights and prac-
tices have always been part of the restoration process, we need to anticipate 
future technological developments, such as ultra wide-gamut projection 
systems, high-dynamic range contrast rendition, and higher frame rates 
that would allow for the emulation of a mechanical shutter in accordance 
with historical projection technologies.
As we have previously stated, we should aim for technologies that 
fully capture film as a three-dimensional object with all the physical and 
chemical properties film comprises as a material object.32 This includes the 
vital analog metadata that contains additional information about a film’s 
provenance. There are many technologies in the field of computational 
photography that are already partially applied to the documentation and 
investigation of artworks. These advanced computational techniques will 
capture the multilayered structure and three-dimensional material proper-
ties of film, or the full contrast range with high-dynamic range imaging. 
Hopefully, such methods will one day create a comprehensive reconstruc-
tion of analog films by means of a technology yet to be invented.
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